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Abstract 
The main subject of this work is the study of structural properties of the amorphous AlF3 doped with Cr3+, obtained by 
dehydratation of D–AlF3,3H2O, by electron paramagnetic resonance (EPR). The experimental studies upon powdered amorphous 
doped with various Cr3+ concentrations have been achieved at X–band frequency and versus temperature. Evidence of two types 
of centers is obtained: ions pairs with antiferromagnetic coupling and isolated Cr3+ ions.  
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
After analyzing the spectra of single crystals, we rebuilt the powder spectra for different probes in different 
compounds (Latelli, 1991). This allowed us to test the reconstruction method on an example of disorder related to 
the orientation; the spin hamiltonian parameters are well defined. Thus, EPR should be particularly effective to 
study short–range order in amorphous systems. However, the interpretation of the experimental results is very 
complicated by the structural disorder which results in random variations of the local environment of the probe. 
Furthermore, although many EPR studies have been done on amorphous systems, only a few have been achieved on 
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simple system in order to compare the glassy state to the crystalline one. It is for this reason that we have chosen to 
study AlF3 doped with CrF3 owing to its very simple lattice. EPR investigations of Cr3+ have been carried out both 
in crystalline and amorphous. In the amorphous phase of AlF3, EPR spectra have been recorded as a function of the 
microwave frequency (X–band) and of the Cr3+ ions concentrations.  
In this context, our work was to develop the informatics tool required to calculate the EPR spectra of amorphous 
by testing it on the case of the Cr3+ ion used as a probe in AlF3. Indeed, Cr3+ is a very useful probe to know the 
information about amorphous local environment in the glasses (Ravikumar, Komatsu, Ikeda, Chandrasekhar, Reddy, 
Reddy, & Rao, 2003). 
EPR spectra of Cr3+ ions in phosphate glasses (Landry, Fournier, & Young, 1967) consist of low–field 
resonances centered at g|5 and high–field resonances centered at g|1.97. The low–field resonance (g|5) was 
attributed to isolated Cr3+ ions and that at high–field (g|2) to Cr3+ ion pairs with antiferromagnetic coupling, 
depending on the Cr3+ content of sample (Ardelean et al., 1998). A similar result has been reached by (El-Batal & 
Ezz-El-Din, 1993) on chromium doped glasses. 
According to Ardelean et al. (1982), in lead borate glasses, the EPR signals can be observed at g 5.1 and 1.97. 
The signal at g 5.1 was attributed to the isolated Cr3+ ions in rhombic symmetry subjected to strong ligand field 
effects (Singh et al., 2014). The signal at g 1.97 has been attributed to Cr3+ and Cr5+ ions. There also have been 
detected Cr5+ species in some oxide vitreous materials (Srinivasa Reddy et al., 2007). The existence of Cr5+ ions 
might be due to the process of melting ; the Cr3+ is partly oxidized to Cr5+ (Sumalatha et al., 2013). The evidence for 
Cr5+ ions in glasses was also reported by Kesavulu et al. (2010) and Mukherjee et al. (2005) in lithium–cesium 
borate glasses and in silica glass matrix, respectively. In sodium borate glasses (Pisarski et al., 2009) and (El–Hadi, 
2002), in alkaline earth zinc borate glasses (Sumalatha et al., 2013) and in Na–Si glass (Gan & Liu, 1987) only a 
g|2 resonance was observed, the shape of which is dependent on the alkali content (Cozar et al., 1993). In literature 
(Misra et al., 2009 ; 0000), it has been reported that, at low temperatures, if the paramagnetic Curie temperature is 
positive implying that magnetic ions are ferromagnetically coupled, whereas if it is negative, then it is 
antiferromagnetically coupled. 
2. Experimental methods 
Amorphous AlF3 (D–AlF3,xH2O with x<0.5) was prepared by dehydratation of D–AlF3,3H2O heated under 
vacuum (10-5Torr) at a rate of 5°/min up to 220°C. Cr3+ doped D–AlF3,3H2O was first obtained by precipitation of a 
homogeneous solution of aluminum and chromium nitrates through the agency of a concentrated solution of HF. 
These products were prepared by H. Duroy and J. L. Fourquet in the Laboratoire des Oxides et Fluorures, Université 
du Maine, Le Mans – France. 
The EPR spectra were recorded on Brucker spectrometers with microwave bridges operation in the X–band 
(9.5GHz) in Laboratoire de Physique de l’Etat Condensé, CNRS UMR 6087, Université du Maine, Le Mans Cedex 
9, France. Operation at variable temperature was achieved by using an Oxford Instrument cryostat. All the spectra 
were recorded in two runs: in a first time we got the spectrum of the sample in its container (a quartz tube) and in a 
second time the spectrum of the container alone. Finally, a computed subtraction was done in order to obtain the 
actual spectrum of the powdered compound. 
3. Results and discussion 
In general, Cr3+ ion, has a total spin S=3/2, is considered in distorted octahedral site and its appropriate spin 
hamiltonian is :  (Abragam & Bleaney, 1971), where E is the Bohr magneton, B 
is the applied magnetic field, g is the spectroscopic splitting tensor, S is the spin operator,  and  (Newman, 
1971)  are the axial and rhombic ligand field components, respectively. and  are the Stevens 
operators (Al’tshuler & Kozyrev, 1974). The ration of rhombic and axial ligand field components, 
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, lies within the limits 0O1 (Padlyak & Gutsze, 1998). The g values are 
dependent on both the O parameter and the ratio  , where is the energy of the microwave quantum. 
O is directly related to the symmetry of the environment of the ion. If  and , the g value is expected to 
lie very near the free electron value of 2.0 (Singh et al., 2008). If  or  is large as compared with , then, in 
the two limiting cases of ,  and , , the energy levels in zero magnetic field turn out to be 
two Kramer’s doublets |r3/2> and |r1/2>. 
3.1. At room temperature 
Fig. 1 shows EPR absorption spectra of the investigated amorphous AlF3 doped with various Cr3+ concentrations 
(0.15wt.%, 1wt.% and 2wt.%) observed at room temperature. For all samples, the spectrum exhibits two resonance 
signals. The first is abroad asymmetric band at low magnetic field with an effective g value of ~5. The second is a 
broad and asymmetric line at high magnetic field with an effective g value of ~2, according to the theory (Ardelean 
et al., 1997) and characteristic for other chromium doped glasses (Flower et al., 2007 ; Griscom, 1980 ; Santhan 
Kumar et al., 2013).  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: EPR absorption spectra due to Cr3+ ions in AlF3 amorphous doped with: 
a) 0.15wt.% CrF3, b) 1wt.% CrF3, c) 2wt.% CrF3 at room temperature. 
According to Fig. 1, the low field absorption of Cr3+ ions in amorphous AlF3 at g|5 does not depend on the CrF3 
content of the sample. However, the relative intensity of the central band at g|2 increases with the chromium 
concentration (Kesavulu et al., 2010). B1 band is characteristic of Cr3+ ion in a strong field of axial ligands 
corresponding to values of the axial zero-field splitting parameter large compared to the quantum of energy 
hQ|0.3cm-1 used in the X–band (Hall, 1980). Close inspection of the central band suggests that this band could be 
the superposition of a broad line (B'2) and a narrow line (B''2). When concentration increases, the relative intensity of 
the band B'2 increases at the expense of that of the band B''2. These two bands appear at different g values can be 
related to the existence of two types of paramagnetic centers in the compound. 
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The large intensity of the band B'2 indicates higher concentrations of coupled pairs in the sample doped with 
2wt.% CrF3. De Vicente et al. (2014) also observed a broad resonance at g|2.49 in antimony phosphate glasses. The 
evidence for B'2 band was also reported by Gan et al. (1987) and Legein et al. (1993) in fluoride glass doped with 
0.5wt.% Cr2O3 and with 3wt.% CrF3, respectively, at room temperature. In the present work, the B'2 band at g 2.46 
which is clearly visible only for the sample doped with 2wt.% CrF3 (Fig. 1c). This band now is recognized as 
originating from the contribution of coupled pairs. According to Loveridge and Parke (1971), the intensity of this 
band depends on the concentration and dispersion of chromium ions in glass.  
In the EPR spectrum, the two resonance signals with g values around 2 and 5 are generally observed at room 
temperature for a Cr3+ ion (Clarke & Andrews, 1982). These two resonances may be interpreted as due to isolated 
Cr3+ ions and exchange coupled Cr3+ ion pairs in glasses. According to the theory, the low–field portion of the 
spectrum is attributed to the isolated Cr3+ ions and the high–field portion mainly belongs to the exchange coupled 
pairs of Cr3+ ions. In the present study, as shown in Fig. 1, the two resonance at g 5 and g 1.97 The resonance at 
g 5 is assigned to the isolated Cr3+ ions in distorted octahedral sites (Haouari et al., 1997 ; Murali & Rao, 1999), 
whereas the resonance at g 1.97 may be due to both exchange coupled pairs of Cr3+ ions with antiferromagnetic 
coupling and isolated Cr3+ ions at axially–distorted octahedral sites (Medina et al., 2001 ; Schaffers & Keszler, 
1991; Yin & Keszler, 1991 ; Singh et al., 2009).   
Kesavulu et al. (2010) studied the EPR spectra of Cr3+ ions in lithium cesium mixed alkali borate glasses. They 
observed two resonance signals at g 4.82 and g|1.99. The resonance at g 4.82 is typical for isolated Cr3+ ions in 
rhombic sites subjected to strong crystal field effects (Singh, Chakradhar, & Rao, 2008). The resonance signals at 
g|1.99 arises due to the contribution from both the exchange coupled pairs of Cr3+ ions and the isolated Cr3+ ions 
(Chakradhar et al., 2005). The signal marked by an asterisk was assigned to signals from unintentional Fe3+ impurity 
(Peteanu et al., 1997 ; Ardelean & Filip, 2005) which might be present in the starting materials. It appears also in 
undoped glass (Ramesh Kumar et al., 2006 ; Casalboni et al., 1996)  and in mullite glass–ceramics (Reisfeld et al., 
1986).  
The EPR spectra of these samples are similar to those reported for Cr3+ ions in fluoride glasses (Legein et al., 
1993), in TeO2 based glasses (Ardelean & Filip, 2005) at room temperature and in antimony phosphate glasses (De 
Vicente et al., 2014) at 30K. 
3.2. Temperature dependence on the sample spectrum doped with 0.15wt.% CrF3
The EPR spectra of the AlF3: 0.15wt.% CrF3 amorphous sample are recorded at different temperatures 
(80,60,36,7K) and are presented on Fig. 2.   
At very low temperatures (T=7K), the heavily modified spectrum leaves the broadband g=5 with the fine central 
band at g=1.97. These changes from the starting spectrum are accompanied by the appearance of the band in zero 
field. 
Kesavulu et al. (2010) observed that the intensity of the resonance signal at g=1.99 increases with decreasing 
temperature if exchange is ferromagnetic. This is the phenomenon that is expected from the Boltzmann distribution 
law. In the present study, in contrast to Kesavulu et al. (2010), we observed that the intensity of the resonance signal 
at g=2.46 decreases with decreasing temperature from ambient (Fig. 1a) to 7K (Fig. 2). The decrease in intensity 
with decrease in temperature is possible only if the exchange interaction between Cr3+ ion pairs is antiferromagnetic 
(Fournier, Landry, & Bartram, 1971).  
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Fig. 2: EPR absorption spectra due to Cr3+ ions in AlF3 amorphous  
doped with 0.15wt.% CrF3  at various low temperatures. 
Therefore, in the present case the g|2.46 resonance line is attributed to the exchange coupled pairs of Cr3+ ions 
with antiferromagnetic coupling. Recently, De Vicente et al. (2014) have also observed a dominant contribution of 
antiferromagnetically coupled Cr3+ ions doped antimony phosphate glasses at 30K. Similar behavior has been 
reported by Landry et al. (1967) in phosphate glasses doped with Cr3+.  
4. Conclusion 
We conclude that the EPR measurements presented in this paper reveal that in these samples both ions pairs with 
antiferromagnetic coupling and isolated Cr3+ ions are present. The isolated Cr3+ ions are predominant at low 
concentrations, giving rise to the resonance absorption centred at g 5, while at higher concentrations the resonance 
absorption at g|2, due to both exchange coupled pairs of Cr3+ ions with antiferromagnetic coupling and isolated 
Cr3+ ions, becomes predominant.  Similar conclusions to the our have been obtained by means of Cr3+ ions EPR 
spectra including glasses such as, phosphate (Landry et al. 1967 ; Fournier et al., 1971), borate (Ardelean et al., 
1982), tellurite (Peteanu et al., 1997), and also fluoride (Harris, 1987 ; Legein et al., 1993) for which EPR data were 
reported. The measured effective g values are in agreement with some of the other reported systems (Giridhar et 
al., 2011). These g values suggest that Cr3+ ions indicate a distorted octahedral sites in the amorphous (Ravikumar et 
al., 2008).   
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